APPENDIX B

HEALTH AND ENVIRONMENTAL ASSESSMENT




B.1 HEALTH AND ENVIRONMENTAL ASSESSMENT

The Health and Environmental Assessment (HEA} is conducted to evaluate
the impact of hazardous constituents present at a site. The HEA involves
identifying the contaminants of concern, the concentrations of these
compounds in the affected environmental media, and the risk to exposed or
potentially exposed human or environmental receptors. The essential
element of this assessment is the evaluation of health and environmental
criteria to which the measured or predicted concentrations of toxic
contaminants are compared. These criteria are primarily based on EPA
established chronic exposure limits. When the criteria are exceeded,
there is a 1ikelihood of adverse health or environmental effects, and
additional measures may be required to prevent or reduce these effects.

B.1.1 Identification of Toxic Contaminants

Analyses of soil samples from five borehoies Tocated within the siorage
area for HF at LDU CPP-47 were conducted to determine the presence of
unreacted hydrofluoric acid and fluoride in the soil. Boreholes (PP-47-
02 and -03 were necessary to sampie the soiis that would have been
directly under or proximal to the position where drums of HF acid were
most 1ikely situated. They are, therefore, logical sites for
identification of soil contamination that may have occurred as a resuit
of storage activities at LDU CPP-47. The analytical results are
presented in Table 1.

Fluoride was detected at concentrations up to 240 mg/Kg in the soil.
Fluoride toxicity is associated with any soluble fluoride compound that
dissociates to produce fiuoride ion (Gosselin et.al., 1384). The type
and severity of toxicity varies with the chemical form, the route of
exposure, and the duration of exposure. The potential for acute toxic
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effects from exposure to fluoride found in the soil is minimal since
fluoride interacts with the environment and the soil to form relatively

stable compounds. However, chronic effects from exposure to low doses of



fluoride in these forms, through ingestion or occupational exposure to
fluoride-containing dusts, can produce depesition of fluoride in the
teeth (dental fluorosis) and the bone (skeletal fluorosis or
posteosclerosis) {Baselt and Cravey, 1989). Fluoride is not known to be
carcinogenic. Therefore, no determination of carcinogenic risk from
possible exposure is applicable.

The form of fluoride that is most likely present at LDU CPP-47 is calcium
fluoride because a bed of dolomite (calcium, magnesium carbonate) was
piaced under the paiiets on which drums of HF were stored. Caicium
fluoride is produced when HF is neutralized with limestone or dolomite.
The relative toxicity of calcium fluoride is considered to be relatively
minor because of the low soiubiiity and i
(Gosselin et al., 1984). Chronic effects, however, may occur from the
long-term ingestion of calcium fluoride or the inhalation of low levels
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concentrations of fluoride are highest within the area defined by
boreholes CPP-47-02 and CPP-47-03 and remain fairly constant with depth.

Exposure to fluoride in soils at LDU CPP-47 could occur via inhalation of
dusts and vapors, ingestion, and dermal contact with soil. The
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chemical form of the fluoride parent compound. The use of dolomite in
the storage area suggests that the predominant form is calcium fluoride,

a very stable compound with low solubility.



The inhalation pathway is considered inoperative because of the Jow
concentrations of fluoride detected and the 1imited areal extent of
contamination. Airborne particulates would exceed the National Ambient
Air Quality Standard by several orders of magnitude before respirable
fractions of airborne fluoride would pose a health risk. In addition,
the extremely low vapor pressures of the fluoride compounds likely to
occur in soils at LOU CPP-47 (as discussed below) preclude the
vaporization of fluoride at air concentrations that would pose a health
risk.

Due to the presence of fluoride in the surface soils, two pathways could
potentially occur, including ingestion of fluoride-contaminated soii and
dermal contact with soil. However, considering the chemical forms of
fluoride in soil, the primary concern is with ingestion rather than
dermal contact since the form of fiuoride is calcium fluoride which is
not a dermal contact risk.

(i.e., adequate amounts of dolomite were not available to completely
neutralize spilled acid). The exposure routes of concern for this would
be direct dermal contact with soils containing HF and inhaiation of
vapors which could be corrosive. However, given the approximately
neutral pH determinations of the soil (6.73 - 7.47), it is highly
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uniikely that any HF would still be present in the soi

Fluoride contamination patterns beneath LDU CPP-47 are more fully
characterized when considered along with the pH analytical results. From
Table 1 it can be seen that pH remains approximately neutral over the
site for all depths of investigation. These results indicate that the
natural pH buffering capacity of the soil and/or adequate quantities of
dolomite were available to fully neutralize any spilled HF. Further,
although fluoride levels in borehole CPP-47-02 remain fairly constant to



depths of 6 feet, it is unlikely that significant quantities of fluoride
have been transported to any great depth because of the following
reasons: '

. Relatively small volumes of moisture are available for
transport of fluoride to the underlying soils and/or aquifers

(Thomas, 1988, estimates an average annual recharge rate equal
to 0.5 inches/year).
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e Fluoride is known to readily replace hydroxyls of clays,
particularly illites, which are known to occur in the alluvial
material.

L In calcareous soils {i.e., Ca®* provided by reaction with
dolomite), the formation of slightly soluble fluorite (CaF,) is

favored (Kabata-Pendias, 1986).
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In addition, the depth to groundwater, the lack of surface water bodies
i ty of the aturage ea, the apparently

the low concentrations of contaminants
mpact on water from LDU CPP-47. Thus,

neither surface water nor groundwater is considered as a potential
exposure pathway.

B.1.3 Identification of Receptor Populations

The ICPP is a secured industrial site with 11m1 ed access. The most
1ikely receptors for contaminants present at LDU CPP-47 are workers with
direct access to the soil in the immediate vicinity of the Pilot Plant
C+mawvana Awan
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B.1.4 Human Health Assessment

As discussed in Section B.1.2, the surficial soils would tend to fix
fluoride in some mineral form (e.g., fluorite, CaF,), and in so doing,
the workers at the ICPP could be exposed to the contaminants through
incidental soil ingestion or dermal contact, the two potentially
operative exposure pathways. The maximum concentration of fluoride
detected at LDU CPP-47 (240 mg/Kg) was identified in surface soils.
Consequently, this concentration is used to assess the potential human
health effects from potential fluoride exposure. The resuits of the
assessment are summarized in Table B-1.

Fluoride is known to have systemic toxic effects if exposures are great
enough. The soil concentrations, if ingested, that would result in an
oral dose equivalent to the applicable chronic reference dose (RfD) for
fluoride were calculated as part of the assessment. The RfD for a
contaminant is the daily intake of the contaminant to which even a
sensitive individual might be exposed without developing associated
critical toxic effects. The following screening has been conducted in
accordance with the RCRA Facility Investigation Guidance (EPA, 1989b) and
the proposed rule for Corrective Action for Solid Waste Management Units
at Hazardous Waste Management Facilities (FR Vol. 55, No. 145 30798-
30884).

The equation for calculating the soil screening criterion is given below.

CS = RfD x BW
IR x CF
where:
CS = Soil concentration screening criterion

RfD = Chronic Reference Dose
BW = Body Weight (16 kg)
IR = Ingestion Rate (200 mg/day}




CF = Conversion Factor (1E-06 kg/mg)

None of the soil concentrations detected exceed the maximum allowable
soil concentrations based on the RfD (see Table B-1}. Therefore,
systemic adverse health effects should not wccur in even sensitive
individuals exposed to soil contaminants at the levels detected in the
soils at LDU CPP-47.

It should be noted that two screening criteria are provided for fluoride.
An RfD of 0.06 mg/Kg/day is published that reflects the level of exposure
children may have without developing dental fluorosis from an excess
intake of fluoride (EPA, 1991). This effect is considered a cosmetic
effect rather than an adverse or toxic health effect. A second intake
Jevel based on an adverse health effect in adults (skeletal fluorosis) is
also reported in the Integrated Risk Information System (EPA, 1991) and
is presented in Tabie B-1. The soil concentrations of fluoride found at
LDU CPP-47 do not exceed the screening criteria corresponding to either
of these acceptable intake levels for fluoride and, in fact, are at least

an order of magnitude

For the levels of fluoride detected, the contribution of derma
to the overall health risk, although t
be inappreciable because of the low levels of soi

relatively small area of soil contamination.
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contamination and the

Based on the results of the screening presented above, adverse heaith
impacts to workers in the vicinity of or with direct access to LDU CPP-47

.
concentrations detected.



TABLE B-1

SUMMARY OF HEALTH AND ENVIRONMENTAL ASSESSMENT FOR LDU CPP-47

e e e e
£ ronondoa + [Y] : 4 . . .
Constituent Maximum Detected Soil Screening Lriteria

Concentration (mg/Kg) | . .. oral Soil

RfD (mg/Kg/d) Concentration
= RfD (mg/Kg)

Fluoride 240 6E-02°° 4800

1.2 E-01° 230,000°

(a)
(b)

(c)

(d)

EPA 1991

Criticai effect co
health effect
Calculated safe exposure Tevel in adults to prevent skeletal

1sidered cosmetic rathe

fiuorosis (EPA 1551)

Assumed Industrial Scenario: 100 mg/d soil ingestion, 36%
frequency, 40 year exposure, 70 kg body weight



B.1.5 Environmental Assessment

LDU CPP-47 is located within the controlled boundaries of the ICPP and

was formerly the site of a storage area for HF acid. Fluoride was found

in soils at all depths of investigation; however, concentrations were

maximum in surface soils of the storage area where HF drums had been

situated. LDU CPP-47 does not support any vegetation with roots

extending into the area of detected contamination. Large animals and
n

migratory wildlife have no access to or are not known to fregue

o+

urrounding LOU C
a

should occur.

ow annual rainfall

G —
m 3
—
v 3
=
= ct
-h_l
a0
[
[
o
~ M@ X
= ot
= ®
o O
- ot
-+ @
a o
[
5 &
a o
il
=]

PP-4
tration. These conditions,

roximately 450 feet) and low

wids -

of soil contamination, will Timit migrat1on of fluoride and any

adverse effects on surface waters or groundwater in the vicinity of LDU
rDD_AT

Impacts on downwind environments from airborne dispersion and diffusion
f contaminants will be insignificant because of the low soil contaminant
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concentrations, extremely low vapor pressures typical of solid-phase
fluoride compounds, and the limited area of contamination.



APPENDIX C

QUALITY ASSURANCE SAMPLE
ANALYSIS RESULTS
AND LABORATORY SUMMARY RESULTS



TABLE C-1

FIELD DUPLICATE ANALYSIS RESULTS
LAND DISPOSAL UNIT CPP-47

Sample ID: CPP-47-02-1
CPP-47-02-1FD

Analyte/Compound Initial Duplicate Relative Percent
Result Result Difference
Fluoride 196 193 2
pH 7.17 7.11 1

U - Compound not detected; the reported value is the sample detection
limit.

NC - Result not calculable due to one or both values below the sample
detection 1imit or not detected.



TABLE C-2

INORGANIC ANALYSIS RESULTS
LAND DISPOSAL UNIT CPP-47

Borehole Depth (feet) Fluoride {mg/Kg) pH

CPP-47-01 6.77 6.73
CPP-47-01 8.32 7.45
CPP-47-02 196 7.17
CPP-47-02 121 7.25
CPP-47-02 197 7.23
CPP-47-03 240 7.15
CPP-47-03 189 7.36
CPP-47-04 5.04 7.38
CPP-47-04 3.50 7;45
CPP-47-04 5.53 7.14
CPP-47-05 13.6 7.40
CPP-47-05 8.31 7.46
CPP-47-05 1.63 7.47
Maximum Value 240 7.47
Minimum Value 1.63 6.73

Contract Required Quantitation 0.33 N/A

Limit
6.55 N/A

Background UTL




NatEx Laboratories, Inc. \AR
Pacific Northwest Environmenta! Laboratory, Inc.

NORGANIC ANALYSIS REPORT

Client Sample 1D CPP-47-01-1 CPP-47-01-2 CPP47-02-1 CPP-47-02-1-FD
PNEL] Sample ID 250801 2908-02 2908-03 2908-04
Sample Matrix Soill Soll Soll Soll

Date Sample Recelved 01-31-91 01-31-91 01-31-81 01-31-61

Daie Sample Analyzed 01-31-91 01-31-91 01-31-91 01-31-91

Units of Measure mg/kg mg/kg mg/kg mg/kg

{no units for soil pH)

Compound

Soil pH measured in

0.01MCaCl, 6.73 7.45 7.17 7.11
Soluble Fluoride 6.77 B8.32 195 183

Cliemt Sampie iD CPP4702-1-EB CPP4702-2 CPP47-02-6 CPP-47-083-1
PNEL! Sample ID 2908-05 2908-06 2908-07 2908-08
Sample Matrix Water Soil Soill Soll

Date Sampie Received 01-31-91 01-31-81 01-31-81 01-31-81
Date Sample Analyzed 01-31-91 01-31-91 01-31-91 01-31-91
Units of Measure mg/¢ mg/kg mg/kg mg/kg

{no units for pH or soll pH) :
Compound

pH 521 — _ —_

Soil pH measured in

0.01MCall, - 7.25 7.23 7.15
Fiuoride 0100 U —_— — —_—

Soluble Fiucride _— 121 197 240

000001



NatEx Laboratories, Inc. AR
Paz#ic Northwest Environmenta! Laboratory, Inc.

Client Sample ID CPP-47-03-2 CPP47-04-1 CPP-47-04-2
PNELI Sample ID 290809 2908-10 2908-11
Sample Matrix Soll Soll Soll

Date Sample Received 01-31-1 01-31-01 01-31-91
Date Sample Analyzed 01-31-91 01-31-91 01-31-91
Units of Measure mg/kg mg/kg mg/kg

(no units for pH or soll pH)

Compound

pH — - -
Soil pH measured in

0.01MCaCl, 7.36 7.38 7.45
Fluoride —_— — —
Soluble Flupride 188 5.04 3.50
Ciient Sampie iD Blank Biank

PNELI Sample ID 2908-MB 2908-MB

Sample Matrix Soll Water

Uaie Sampie Received NA NA

Dete Sample Analyzed 01-31-91 01-31-81

Units of Measure mg/&g mg/t

Compound

Fluoride — 0100 U

Soluble Fluoride 0500 U —

000002



NatEx Laboratories, Inc.
Pacific Northwest Environmental Laboratory, Inc.

\IAR

N AN| Y P

Client Sample ID CPP-47-04-4 CPP.47-05-1 CPP-47.05-2 CPP-47-05-5
PNEL] Sample ID 201101 291102 291103 291104
Sample Matrix Soll Soll Soll Soll
Date Sample Recelved 02-01-91 0z2-01-91 02-01-91 02-01-91
Date Semple Analyzed

Sofl pH 02-04-91 02-04-91 02-04-91 02-04-91

Soluble Fluoride 02-05-61 02-05-91 02.05-91 02051
Units of Measure mg/Kg mg/kg mg/kg mg/kg
{no units for scil pH)
Compound
Soil pH measured in

0.01MCall, 7.14 7.40 7.46 7.47
Soluble Flucride 5.53 136 8.31 1.63
Client Semple I Blank
PNELI Sample D 2911-MB
Sample Matrix Soll
Date Sample Received NA
Date Sample Analyzed 02-05-91
Units of Measure mg/kg
e i
WIIIPUHHU
Soluble Fluoride 0500 U

000001



NatEx Laboratories, Inc.

\WAR
Pacific Northwest Environmenta! Laboratory, Inc.
NORGAN! PLICA N ! PORT

Client Sample ID:  CPP47-01-1 PNEL] Sample ID;

Sample Matrix: Soil Date Sample Recsaived:

Unis of Measure: mg/kg

(no units for soil phi)

Duplicate Sample Original Sample Relative %

Analyte Concentration Concentration Difference
Soil pH measured in

0.01MCaCl, 6.93 £.73 2.93
Soluble Fluoride 8.18 6.77 18.9
Client Sample ID: CPP-47-02-1-EB PNEL! Sample ID:
Sample Matrix: Water Date Sample Received: 01-31-91
Units of Measure: mg/!¢

{no units for pH)

Duplicate Sample Criginal Sample Relative %

Analyte Concentration Concentration Difference
pH 5.26 | 5.21 0.855
Flueride 0.100 U 0.100 U NC

000003



NatEx Laboratories, inc.
Pacific Northwest Environmental Laboratory, inc.

\WAR

INDRGAN] PLICATE ANALYS!S REPORT

Client Sample ID: CPP-47.04.4 PNELI Samples ID: 2911-01
Sample Matrix: Soil Date Sample Recelved: 02-01-51
Units of Measure: mg/kg
(no units for soll pH)

Duplicate Sample Original Sample Relative %
Analyte Concentration Congcentration Diference
Soil pH measured in
0.01MCaCl, 7.27 7.14 1.80
Soluble Fluoride 7.17 553 25.8

000002



NatEx Laboratories, IncC.
Pacific Nontnwes: Environmenta! Laboratory, inc.

INQRGANIC MATRIX SPIKE ANALYSIS REPORT

\AR

Client Ssmple ID: CPP47-04-4 PNEL! Ssmple ID: 291101
Sample Matrix: Soll Date Sample Recelved: 0201-91
Units of Measure: mg/kg
Spike Sampie Original Sample Spike Percert
Ana'yte Concertration Concentration Level Recovery
Soluble Fluoride 24.4 553 554 341
Cliert Sample ID:  Method Blank PNEL! Sample ID: 2811-ME
Sample Matrix: Soill Date Sample Recelved: NA
Units of Measure: mg/kg
Spike Sample Original Sample Spike Percent
Analyte Concertration Concentration Leve! Recovery
Soluble Fiuoride 4.61 0.500 U 5.00 82.2

000003



NatEx Laboratories, Inc.
Pacific Northwest Environmental Laboratory, Inc.

Cliert Sample ID: CPP-47-01-1 PNELI Sampie iD: 290801
Sarmnple Matrix: Soll Date Sample Recelved: 01.31-51
Units of Measure: mg/kg

Spike Sample Original Sample Spike Percent
Analyte Concentration Concentration Leve! Recovery
Soluble Fiuoride 11.1 6.77 4.69 2.3
Client Sample ID: CPP-47-02-1-EB PNELI Sample ID: 2908-05
Sample Matrix: Water Dste Sample Raceived: 01.31-91
Units of Measure: mg/¢

Spike Sample Original Sample Spike Percent
Analyte Concentration Concentration Level Recovery
Fluorice 0.911 0.100 U 1.00 811
Client Sample ID:  Biank " PNEL! Sample ID: 2008-MB
Sample Matrix: Soil Date Sample Recsived: NA
Units of Measure: mg/kg

Splke Sample Original Sample Spike Percent
Analyte Concertration Concemntration Level Recovery
Soluble Fluoride 4.54 0.500 U 5.00 90.8

000004



APPENDIX D

COMPLETE LIST OF COMPOUNDS ANALYZED
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TARGET COMPOUND/ANALYTE LIST
LAND DISPOSAL UNIT CPP-47

CONSTITUENT

pH

INORGANICS

"
mud
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Drilling, Sampling, and Logging of Soils



TP-12-5 - | Revision 7 ‘ May 1990
DRILLING, SAMPLING AND LOGGING OF SOILS Page 1 of 18

1. PURPOSE

The purpose of this technical procedure is to establish uniform and consistent methods for
drilling, sampling, and logging soils. This technical procedure also establishes a uniform
methodology for collecting representative soil samples for chemical analysis.

2. APPLICABILITY

This technical procedure is applicable to all Golder Associates Inc. representatives engaged

in subsurface soils investigations. It may be used at either uncontaminated or contaminated
sites. This procedure includes, as an option, the use of inner barrel liners.

3. DEFINITIONS
3.1 Breaking Drill Rod

Breaking drill rod is defined as withdrawing and decoupling drill rod in order to advance
the boring, retrieve samples, or abandon the hole.

3.2 Down Time

Down time is defined as non-productive time due to a drilling contractor’s operational
problems.

3.3 Coniaminated Site

A contaminated site is defined as a location at which an environmental investigation is
being conducted for the purpose of determining the existence or extent of hazardous

wvonctaievihoctamane Av enm v ooy
wasdit/suostanids Or bluund‘v‘v ater ¢co n*.?....n“.abcn.

3.4 Inner Barrel Liner

An inner barrel] liner is defined as an insert installed in the sampling tool to contain soil
materials. The liner is generally made of Lexan or a fiber/compcsite material, is available in
lengths of 6" to 5" and is designed to fit snugly inside the sampling tool (e.g., split-spoon
sampler).

3.5 In Situ Soil Sample

An in situ soil sample is, a (theoretically) undisturbed sample which represents the soil as it
exists in the ground. Although all samples are disturbed to a certain extent, in situ
sampling methods attempt to minimize disturbance.




TP-1.2-5 Revision 7 May 1990
DRILLING, SAMPLING AND LOGGING OF SOILS Page 2 of 18

3.6 Engineering/Geologic Soil Sample

An engineering/geologic soil sample is defined as soil acquired from a borehole for
geotechnical or geological analysis or interpretation.

3.7 Environmental Soil Sample

A e e

AN envirsnumen

3.8 Sample Bottles

Sample bottles are containers specifically designed and prepared for storing soils samples.
Sample bottle type, material, size and type of lid are specific for particular tests or groups of
analytes. Sample bottles for storing soils which will be chemically analyzed must be
properly cleaned and prepared by a laboratory or the manufacturer in accordance with
Reference 4.6.

3.9 In Situ Soil Testing

In situ soil testing is performed on the soil at its naturally existing location or interval;
exampies include cone penetrometer, standard penetration, and in situ vane shear testing.

3.10 Production Time

Production time is defined as the time spent performing contractually required activities
under the drilling contract other than drilling. An example might be the time spent
installing piezometers.

3.11 Stand-by Time

Stand-by time is defined as non-productive time due to the Golder Associates
Geologist'Field Engineer halting work.

3.12 Subcoring

Subcoring is defined as the collection of a core from within a core. Subcoring is used to
help minimize borehole cross-contamination of sample material.

3.13 Subsurface Investigation

A subsurface investigation is defined as the exploration of the soil stratigraphy,
groundwater and other characteristics below the earth’s surface; investigative techniques
typically include drilling and sampling and excavation of test pits; test pitting is addressed
in TP-1.1-3, "Test Pit Logging and Sampling.”

LR AN A
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4.3 ASTM-D-1586, "Penetration Test and Split-Barrel Sampling of Soils"
4.4 ASTM-D-1587, "Standard Practice for Thin-Walled lTube Sampling of Soils"
4.5 ASTM-D-3550, "Ring-Lined Barrel Sampling of Soils"

4.6 USEPA, 1986 Test Methods for Evaluating Solid Waste {SW-846), US EPA/Office of Solid
Waste, Washington, D.C.

4.7 USEPA, 1989 Soil Sampling Quality Assurance User’s Guide, 2nd Edition,
USEPA/Environmental Monitoring Systems Laboratory, Las Vegas, NV.

5. DISCUSSION

The purpose of any drilling and sampling program is to © in w

used in evaluation of the characteristics and conditions of a particular site. The quality of
any design or assessment hinges on the quality of the samples obtained and the data
derived from them. Specified guidelines and procedures for drilling operations, sampling,

and logging must be followed in order to obtain uniformly useful samples. It is the Project
Manager’s responsibility to design the drilling and sampling program for the project, and to
select the drilling and sampling techniques to be used for achieving project objectives.
Standard drilling techniques are included in Appendix A, and sampling techniques in
Appendix B. It is the GeologistField Engineer’s responsibility to see that samples are
obtained in compliance with the defined methods, and that accurate and complete drilling
data is recorded. Drilling data should include the soil types and conditions encountered
during drilling, and any variations from prescribed drilling and sampling standards. All
variations must be documented on Procedure Alteration Checklists (Exhibit F) and approved
by the Project Manager and Quality Assurance (QA) Manager. Standard forms used for
recording drilling and sampling information are the History of Hole form (Exhibit A) and
the Record of Borehole log (Exhibit B). Samples shall be labeled, stored and transported as
appropriate for the sample type and subsequent testing or analysis.

For the collection of environmental soil samples, all sampling equipment shall be
decontaminated before and after each use. If directed by the Project Manager or as
specified in project work documents, soil and decontamination fluids shall be captured and

_______ ot diepngal Samplee chall he collected i
contained 10r Alsposal. sampies shall be collected in pfOpf.‘I‘l}' p‘repared containers of the

appropriate size and type. All samples shall be appropriately labelled and sealed (see
Exhibit E). Environmental samples shall be stored and transported in coolers at 4°C. Chain
of Custody (Exhibit D) shall be maintained in accordance with procedure TP-1.2-23, "Chain
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of Lustod) The H.!StOI"\/ of Hole form (txm“’:t f\) and bample lntegrmf Data Sheet {see
Exhibit C) shall be used to document daily site activities and sample collection. All
variations from established procedure shall be documented on the Procedure Alteration
Checklist (see Exhibit F) and shall be approved by the QA Manager and the Project

| Y, [y,
vialiaycr.

Field personnel must understand the purpose and goals of their efforts in order to make
appropriate judgement calls. It is the responsibility of the Project Manager to make this
information available to the Geologist’Field Engineer, just as it is the responsibility of the
Geologist/Field Engineer to make every effort to fully understand the purpose of the task.

6. RESPONSIBILITIES
6.1 Project Manager

The Project Manager is responsible for the overall management of the drilling and sampling
project, but may delegate responsibilities to other qualified team members. Duties include
aesign of the drilling and sampling program, location of boreholes, establishing minimum
sampling frequency and sampling techniques, approving all variations from established
procedures, ensuring that contractual agreements are establiswed with the contracte:s,
pl"t‘:pai‘u_lg the 5Cope of wun\, and vﬁéui‘lg all field ‘pEfSDﬁﬁE’l on the cx‘pétmuu,.b and
requirements peculiar to the project. The Project Manger may assume the responsibilities of

the Task Leader on small projects.

S
.

)
-

The Task Leader is responsible for supervising the Geologist/Field Engineer. Supervision
includes ensuring that samples are collected, documented, logged, handied and shipped to
the appropriate laboratory as specified in project work documents and this technical
procedure.

6.3 Geologist/Field Engineer

The Geologist/Field Engineer is responsible for documenting all on-site geotechnical activity.
‘These activities include: ensuring that samples of adequate cquality are obtained in a
manner consistent with this procedure, documenting variations from standard procedures,
logging samples, ensuring sample integrity in storage and transportation to the laboratory
for testing, and reviewing the daily driliing report with tne drilling contractor. The
GeologistField Engineer shall develop an understanding of the ultimate goal of the
investigation in order to adequately record needed informatior: and be apie to make sound
decisions in case of unforeseen circumstances.
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6.4 Document Custodian

The document custodian is responsible for maintaining project files and filing project
documents, project correspondence, sample integrity datz sheets, chain of custody forms,
field report forms, other forms, generated data and other associated and pertinent project
information.

6.5 Quality Assurance Manager

The QA Manager is responsible for approving Procedure Alteration Checklists.

7. EQUIPMENT OR MATERIALS

7.1 Contraclor-Supplie
The following equipment is typically supplied by the drilling contractor; actual requirements
shall be as specified in the scope of work established by the Project Manager.

+ Drill rig and all drilling tools, rods, bits, water tank, and related equipment.
+ Sampling tools, such as spilt-tube samplers and bailers.

» Portable steam cleaners for cleaning environmental sampling equipment, the
drilling and other drilling equipment are generally required in investigations of
potentially contaminated sites, and may be provided by the driliing contractor or
rented separately.

» Container(s), 55-gallon steel drums, as required for containing drill soil cuttings
and decontamination fluids.

1 1 .

+ Shelby tubes and caps.
7.2 Golder Associates Supplied Equipment

7.2.1 General Field Su

Supplies required for Golder Associates field personnel generally include the following:

Technical Procedures Field Book

Health and Safety Plan

Knife or spatula

Indelible ink pens and felt tip markers
Shipping containers

Procedure Alteration Checklists (Exhibit F)
History of Hole Forms (Exhibit A)

» [ ] L ] * L 3 - [
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Record of Borehole Logs (Exhibit B}
Sample jars or bags

Sample labels (Exhibit E)

Folding rule

Clipboard

Engineering tape measure

Flagging

Golder staff telephone list

Other items as dictated by project need

» L * L] - [ 3 - L L 4

7.2.2 Field Supplies for Environmental Sampling

P AP

Additonal items needed for acquiring environmental soil samples at 2
contaminated site shall be as specified by the Project Manager and/or site health and safety

s
plans, and may include the following:

Ly~ H 41 (AL gpn ) Lug
7

+ Cooler for sample transport, with "blue ice” or ice bags

+ Appropriate sample Jars for planned testing or analyses (See Table 1)

. Sampling equipment such as scoops or spatulas. All equipment shall be stainless
steel or teflon

+ Organic Vapor Analyzer (OVA), OVM, TIP, H,S meter or combustible gas detector

with accessories and calibration gases (Optional depending on HASP

requirements)

Chain of Custody {Exhibit D)

Sample Integrity Data Sheet (Exhibit C)

Sample Labels and Seals (Exhibit E)

Cleaning equipment and solutions

Container(s) for capturing, containing and treating waste documentation

solutions, if necessary

Organic free distilled or deionized water

« Protective clothing and equipment as required by the HASP.

« Site Sampling Plan, Work Plan and Health and Safety Plan (HASP)

- L3 » - -

8. PROCEDURE
8.1 General Considerations
8.1.1 Project Briefing and Site Preparation

The Project Manager shall ensure that all Golder Associates and Contractor personnel are
briefed on the importance of proper drilling and sampling techniques, decontamination
procedures, health and safety requirements, and the other issues addressed by this technical
procedure. All sampling activities shall comply with the individual work plans and the site
Health and Safety Plan (HASP) requiremnents. All personnel shall be advised that
unanticipated conditions may dictate changes in standard and accepted procedures as
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uch variations shall be documented on a

outlined in this technical p ]
€

Procedure Alternation Checklist (Exhibit F) and reviewed and approved as noted in Section
8.2.7 below.

(951
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All downhole drilling and sampling equipment shall be measured for correct length prior to
use for the purpose of accurately measuring depth during drilling. Measurements shall be
recorded by the Geologist/Engineer. All sampling equipment used to collect environmental
soil samples shall be decontaminated prior to being used to coliect a sample. Drilling
equipment used to collect environmental soil samples must be decontaminated prior to
being used on each borehole. Engineering/geologic soil samples will generally require no
decontamination of samplers and drilling equipment.

8.1.2 Decontamination of Environmental Sampling and Drilling Equipment

For environmental sampling investigations, sampling and drilling equipment must be
thoroughly cleaned to avoid cross-sample contamination. Environmental soil sampling
devices must be decontaminated prior to obtaining each sample; drilling equipment must be

decontaminated prior to use on each borehole. Unless specified otherwise in project plans,
tools and equipment shall be decontaminated by steam cleaning and/or by washing with a
non-phosphate detergent and rinsing with distilled water. For inorganic analytes, 2 weak
hydrochloric acid (HCI) solution shall be used for the second wash. For organic analytes,
reagent grade methanol shall be used for the second wash. A final rinse with organic-free
distilled/deionized water shall complete the decontamination. Wash and rinse fluids shall be
collected; responsibility for disposa! shall be defined in the governing project plans.
Decontamination procedures shall be recorded by the Geologist/Engineer. The
Geologist’Engineer shall be responsible for inspecting all decontaminated equipment to

insure that decontamination procedures have been adequate.
8.1.3 Sample Quantities and Types

Samples shall be collected in quantities and types as directed by the Project Manager or as
specified in the project work documents. The Record of Borehole Log (Exhibit Bj and the

Sample Integrity Data Sheet (Exhibi: C) shall be used to document daily site activities and

sample collection. Environmental samples shall be transferred to the analytical laboratory

under formal Chain of Custody (Exhibit D), which shall be documented and maintained in
accordance with procedure TP-1.2-23, "Chain of Custody.”

8.1.4 Sample Containers

The type of sample containers shall be specific to the needs of the project and shall be
determined by the Project Manager. Sample containers for environmental soil samples are
very specific and vary greatly from those used routinely to collect geotechnical/geologic
samples. They may be wide mouth glass jars with teflon lined caps for potentially
contaminated samples, or plastic jars for standard archived soil samples. Plastic bags may
be used in some cases. The acceptable material for environmental soil sample containers
depends on the planned analyses and is addressed in Table 1.
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If an inner barrel liner is used, it may not be necessary to remove the sample material for
transfer to a sample container. If liners are used for environmental sampies, the sample
material is left relatively undisturbed and the liner is sealed with teflon sheeting or
aluminum foil and covered with plastic caps, then sealed with tape. If liners are used for
geotechnical soil testing, wax may be used as a seal directly in contact with the sample

/ 1o tha tafl ; : i Tha 1i i i
{replacing the teflon sheeting or aluminum foil}. The liner shall be labeled in compliance

with Section 8.2.3 and permanently marked to indicate sample orientation in the borehole.
Unfilled end sections of liners for geotechnical sampies should be removed with 2 hacksaw
or cutoff saw prior to capping and sealing, in order to prevent disturbance of core material.
In the event that the Project Manager requires subcoring of samples in inner liners, either
extract sample materia! from the center of the core without disturbing material on the liner
sidewalls, or use a small diameter shelby tube and hvdraulic press to collect a subcore from
the interior portion of the liner sample.

8.2 Documentation

Documentation for sampling soils inciudes labelling sample bottles; and may include
depending on the type of sample completing History of Hole forms, Record of Borehole
logs, Sample Integrity Data Sheets, and Chain of Custody Records; and, securing individual
samples or sample coolers with chain of custody seals. The original field forms shall be
submitted as soon as possible to the Document Custodian for filing. Copies shall be given
to the Project Manager and Task Leader.

8.2.1 History-of-Hole Forms

A record of events related to each borehole shall be maintained by the Geologist/Field
Engineer on the Hictory of Hole form (Exhibit A). The purpose of this form is to document
events associated with drilling each hole in case questions arise later. All events which
could affect the successful and timely completion o: a borehole should be recorded with the
time interval the event occurred. All information available prior to the initiation of drilling
a borehole should be recorded, including job number and location; borehole number; name
of contractor, driller, and Geologist/Field Engineer; weather conditions; and temperature.
Other data requested on the form shall be completed as it becomes available.

The names and responsibilities of people working at or visiting the site should be recorded,
as well as the time of their arrival and departure. Other items that should be noted include
the shift ime, beginning and end of drilling or production time, down time, stand-by time,
total footage drilied, quantities of supplies used (i.e., sand, grout, piezometer piping, etc.),
depth water was encountered, and the number and type of samples taken.

8.2.2 Record of Borehole Log

The Record of Borehoie log (Exhibit B) provides both a graphic and descriptive record of

[ SR ) L ey A Al 1 1 i
subsurface observations made during the drilling of the borehole. All 1mmed13tely available

information shall be filled out first; including borehole number, drilling date, drill rig, job
number, contractor's name, driller’s name, and Geologist/Field Engineer’s name. Other
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information, such as elevation and location coordinates may be added later if they are not
immediately known. The log may be modified by the Project Manager to include
information such as station number, OVA scans, offset distance, and inclination of hole, to
suit the needs of a particular project. Minor variations to this log have been used in the
past and may be preferred for consistency for a particular client.

A scale which will allow enough space for soil descriptions shall be chosen and recorded in
the first column under the headjng "Depth Scale” starﬁng at 0 feet. This scale shall be used
to align the informatior: across the form so that data can be easily related to the proper
depth at which it was encountered. The method of drilling shall be recorded in the next
column, marking the appropriate depths that the method was used. The next 3 columns

(Soil Profile Description, Graphic Log, and USCS) may be left blank until the type of
material has been determined and a change in soil type has been encountered. The
Geologist'Field Engineer shall observe the soil cuttings coming out of the hole to make an
approximation of depth of change. This may be verified by comparing samples on either
side of the change. Top and bottom depths of each soil horizon shall be noted in the "Scil
Profile Description” column, followed by a description of the material. A pictorial
representation of the zone shall be sketched in the "Graphic Log" column, and material
designation according to the Unified Soils Classification System (see Golder Associates
TP-1.2-6) be placed in the "USCS” column. A line shall be drawn across these 3 columns
corresponding to the top and bottom depths on the Depth Scale. A straight line across the
Graphic Log column represents a known depth of change, while a slanted line represents

an approximate depth.

The sample number, tvpe of sample taken, blow count, and percent recovery shall be
recorded in the appropriate coiumns at the corresponding scaled depths. Lines shall be
sketched across these columns to show top and bottom of the sample. Blow counts, if
required, will be taken during Standard Penetration Tests (SPT), and shall be recorded for
every 6 inches in an 18 inch sample The percent recovery shall be recorded as a fraction,
1.e. . the number of inches recovered over the number of inches ::am}.u.cd Ifa non-standard
drive tube sampler or drive force is used, record the details associated with the penetration

tests.

Each sample shall be described according to TP-1.2-6 and recorded in the Sample
Desmptlon columr.. The sample number should be recorded first, followed by the sample
interval depth, and then the description. An effort should be made to line the descriptions
up with the corresponding scaled depth; however, it is much more important that all
pertinent information be recorded. This column is also the appropriate place t. make notes
which may prove to be important in the later analysis, such as the depth of the water table,
definite change< in drilling speed, unexpected materials or odors coming up with the
cuttings, chemical staining, OVA or OVM scans of samples or excessive jarring of the

sample.

In the event that a piezometer or monitoring well is installed in the hole, 2 graphic
representation of the installaion may be drawn showing the bottom of the casing in
relationship to the bottom of the hole, screened zones, bentonite seals, sand back fill, and
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other bach fill zones if applicable. Piezometers and monitoring wells shall be constructed in
accordance with applicable Golder Associates technical procedures and governing state
regulations.

8.2.3 Sample Labels

Samples shall be immediately labelled (see Exhibit E for an example label(s)). Labels shall be
water proof. Information shall be recorded on each label with indelible ink. All blanks
shall be filled in (N/A if not applicable). Soil sample designations will be as specified in the

project work documents or by the Project Manager.
8.2.4 Sample Integrity Data Sheets

Sample Integrity Data Sheets (Exhibit C) are used by the Geologist/Field Engineer to
document the official raw field information for each environmental sample that will be
chemically analyzed. All blanks shall be filled in (N/A if not applicable).

8.2.5 Chain of Custody Records

Chain-of-Custody Records (Exhibit D) will be used to record the custody and transfer of
environmental samples in accordance with procedure TP-1.2-23, "Chain of Custody.” These
forms shall be filled in completely (N/A if not applicable). Tamper-proof Seals (Exhibit E}
shall be placed on either sample bottles or shipping coolers in a manner such that accessing
a sample will break the seal. The seal number shall be recorded on the Chain of Custody
Form. The origina! form must accompany the sampies to the analytical laboratory to be
completed and returned to Golder for fﬂmg by the Document Custodian. A copy of the

e £
Chain of Custody Record documenting the transfer of samples from the field shall be

submitted to the Document Custodian for filing.
8.2.6 Procedure Alteration Checklist

Variation from established procedure requirements may be necessary due to unique
circumstances encountered on individual projects. All variations from established
procedures shall be documented on Procedure Alteration Checklists (Exhibit F; and
reviewed by the Project Manager and the QA Manager.

The Project Manager may authorize individual Geologist/Field Engineers to initiate
variations as necessary. If practical, the request for variation shall be reviewed by the
Project Manager and the QA Manager prior to impiementation. If prior review is not
possible, the variation may be implemented immediately at the direction of the
Geologist/Field Engineer, provided that the Project Manager is notified of the variation
within 24 hours of implementation, and the Procedure Alteration Checklist is forwarded to
the Pro]ec‘ Manager and QA Manager for review within 2 working days of implementation.

1f 2 IR R I - == - - - P Y o Y
If the varation 1s unacu:puun: to either reviewer, the activity shall be reperformed or action

shall be taken as indicated in the Comments section of the checklist.
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8.3 Soil Sample Acquisition

Many types of drilling methods exist for the purpose of advancing boreholes through s«il or
other unconsolidated deposits. Unconsolidated deposits present special drilling problems
due to the nature of the material, specifically a tendency to collapse. The Project Manager
shall determine the most appropriate technique for the types of material expected to be
encountered. The most commonly used methods include hollow stem augering, air or mud
rotary drilling, and cable tool drilling. Drilling methods are discussed in cetail in

Appendix A.

8.3.2 Sampling Considerations

Sampling shall start at the ground surface and continue at depth intervals as specified in
the project work plan or as directed by the Project Manager. Unless otherwise directed by
the Project Manager, drill sample cuttings from rotary drilling rigs shall be obtained at the
surface and at 5 feet depth intervals or in each distinct stratum. For auger drilling rigs,
drive tube samples shall be collected at 5 feet depth intervals. Additional environmental soil

c:amn].’-vc {in addition to cppmﬁpd cnmnlpc in nrmect nlam) may be eollected in strata where

contarmnants potentially could accumulate.

The sampler shall be removed from the hole avoiding excess jarring to the sampler when
brezking the drill rods, as such jarring may result in loss of 2l or 2 portion of the sample.
Excess jarring also disturbs the integrity of samples intended to be undisturbed sample
making test results on soil strengths erroneous. Excess jarring of in situ samples should be
noted on the Record of Borehole (Exhibit B).

Procedures for managing poor recovery shall be established with the Prcect Manager prior
to initiating drilling and sampling activities. 1f a sample is lost or poor recovery is realized
(defined as more than 50 percent missing from the sampled length), the following minimum
procedures shall be followed:

1) The Geologist/Field Engineer shall confirm that the appropriate sample catcher and
ball check valve are in operating order, unless other types of sampler arrangements
are specified bv the Project Manager.

2} The boring shall be advanced to the bottom of last sample interval and a second
sample attempt made after considering adjustments to the sampling technigue for
improving recovery. Adjustments may include:

» The frequency of blows used to advance the sampler.
» Letting the sampler "rest” after being driven the 18-inch sample interval.
+ Placing a plastic "sock” around the sample catcher.
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» Pushing the sampler rather than driving with a hammer.

- ﬁoswwn of the catcher,

i s

. Condition of the sampler shoe, replace if necessary.

3) If poor recovery continues, contact the Project Manager or refer to project- or site-
specific directions.

There are a variety of samplers which may be used on drilling projects, each with its own
purpose and advantages. Several of the most widely used samplers are described in
Appendix B along with guidelines for their use. The Project Manager is responsible for
selecting the sampling method(s) most desirable for the project.

8.3.3 Sample Logging

o~ oo

All samples, whether in situ or disturbed, shall be inspected and logged by the
Geologist/Field Engineer. The soii shall be classified accordmg to the procedures presented
in TP-1.2-6, "Field Identification of Soil", and recorded on the Record of Borehole (Exhibit B).

Thr amuir ntal soil samples, additional descrintions such as odor, staining, oily sheen,

4 W SlvvYal waquuuu DUM i s WA W W A R SL A TRY bl el 24

etc. should be noted on the | log Scanning the collected soils samples may also é done
with and OVA, OVM or equivalent if volatile organics are present. These scan readings
should be noted on the Record of Borehole at the corresponding depth.

8.3.4 Interim Sample Storage
Interim sample storage requirements shall be defined by the Project Manager and reviewed
with the GeologistField Engineer prior to mobilization to the field. Unless otherwise

directed by the Project Manager, minimurm storage requirements shall be as follows:

+ all environmental samples, in any type of container, shall be stored in an
insulated cooler at 4°C;

« all environmental, permeability and moisture content samples shall be protected
from freezing

s+ all lexan inner liners shall be capped and taped, and shall be stored out of direct
sunlight;

« all shelby tubes and lexan inner liners shall be stored vertically;

« all moisture-content samples shall be stored in airtight jars or double-bagged in
plastic, with as much air as possible evacuated from the bags;

+ all samples shall be stored in a safe place to preclude any loss or disturbance; and
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+ all environmental samples shall be stored in a locked storage area, or shall remain
in view of the responsible Geologist/Field Engineer or sampler until transfer of
chain-of-custody documentation and samples to the analytical laboratory. If it is
necessary to keep the szmples in a vehicle, the vehicle will be kept Incked when
unattended.

8.4 Abandonment of the Borehole
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proje ct wo plans or client requirements; abandonment method s and matenals shall be
defined by the Project Manager and shall be documented by the Geologist/Field Engineer
on the History of Hole form (Exhibit B). If monitoring wells or piezometers are to be
installed, refer to the applicable Golder Associates technical procedures and state regulations
for further direction.

8.4 Capture and Disposal of Soil Drill Cuttings and Decontamination Solutions

Soil drill cuttings, contaminated groundwater and decontamination waste solutions
produced during the driliing and sampling operations must be disposed of in accordance
with Loca! State, and Federal regulations and shall be specified in the project work
documents. Decontamination waste solutions that are generated during soil sampling
include: spent detergent wash solutions; spent tap water rinses; any spent weak acid
rinses, any spent methanol rinses; and spent final distilled/deionized water rinses. All spent
acid and methanol rinses shall be captured and contained in plastic buckets or drums.
Other spent decontamination waste solutions shall be captured and contained in
appropnate,\ sized buckets or drums, if a reasonable potéﬁudj exists for the spent solution
to contain hazardous substances. Project work documents shall address or the Project
Manager shall determine whether spent decontamination solution require capture and

containment.

w

If required, decontaminaticn waste solutions and contaminated soils shall be captured and
contained in 55 gallon steel drums or suitable tanks. Liquid and solid waste should be
segregated into separate containers. If required, each drum or tank shall be properly
labelled with a weather proof label as to contents, borehole number, borehole interval
contained in container, and date in which contents were generated. Storage and ultimate
disposal of drums or tanks shall be specified in the project work documents or as directed
by the Project Manager. Some noteworthy variances are as follows: (1) all acid solutions
shall be neutralized with lime prior to discharge or disposal; (2) methanol solutions may be
able to be evaporated, if segregated from other waste solutions, if generated in small
enough quantities, and if conditions are favorable; and (3) if quantities are sufficiently small,
decontamination waste solutions (detergent washes, rinse waters, neutralized acid solutions)
may be added to the captured and contained soils that corresponds to the same soil
sampling effort.




TABLE 1

SAMPLE CONTAINERS, PRESERVATION REQUIREMENTS,
AND HOLDING TIMES FOR ENVIRONMENTAL $OIL SAMPLES

Contaminant Container
Acidity P.G Cool, 4°C 14 days
Alkalinity PG Cool, 4°C 14 days
Ammonia P.G Cool, 4°C 28 days
Sulfate PG Cool, 4°C 28 days
Sulfide PG Cool, 4°C 28 days
Sulfite PG Cool, 4°C 48 hours
Nitrate PG Coal, 4°C 48 hours
Nitrate-Nitrite PG Cool, 4°C 28 days
Nitrite P.G Cool, 4°C 48 hours
Oil and Grease G Cool, 4°C 28 days
Orgamec Carbon PG Cooi, 4°C 28 days
Metals
Chromium VI PG Cool, 4°C 48 hours
Mercury PG Cool, 4°C 28 davs
Metals except above P.G Cool, 4°C 6 months
Cvanide P.G Cool, 4°C 28 days
QOrganic Compounds
Extractables (including G, teflon-lined Cool, 4°C 7 daye (untl
phthalates, nitrosamines cap extraction)
organochlorine pesticides 30 days (after
PCB's nitroaromabcs, extraction)
isophorone, polynuclear
aromatic hydrocarbons,
haloethers, chlotrinated
hvdrocarbons and TCDD) G, teflon-lined
Extractables {phenols) cap
Purgeable (halocarbons G, teflon-lined Cool, 4°C 14 davs
and aromatics) septum
Purgables (acrolein and G, teflon-lined Cool, 4°C 3 days
acrvlonitrate septum
Orthophosphate P.C Cool, 4°C 48 hours
Pesticides G, teflon-lined Cool, 4°C 7 days {until
cap extraction)
Phenols G Cool, 4*C 28 days
Phasphorus G Cool, 4°C 48 hours
Phosphorus, total PG Cool, 4°C 28 davs
Chloninated organic compounds G, teflon-lined Cool, 4°C 7 days (until
cap extraction)
30 days (after
extraction}
e

P = polyethvlene
G = plass

Source: LUSEPA Soil Sampling Quality Assurance User’s Guide,

2nd Edition, USEPA/600/8-89-046
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HISTORY OF HOLE
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“TP-1.2-5" EXHIBIT C

SAMPLE INTEGRITY DATA SHEET

Prant Site Project Mo

Site Location Sarmple 1D

Samplmg Lacation

Technica! Procedure Reference(s)

Type of Sampler

Date Time
Ked. a Station
Sarmpie Type: grav time composite space composite

Sarmple Acquisition Measurements (depth, volume of static well water and purged water, eic.}

Sample Deseription

Fieid Measurements or Sampie [pH, conductivity, ete.)

AlQuotl Amount Container Preservation/ Amount
Sampler {signature) Date
Supervisor [signature) Date
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Sec! Number

2455 Date.
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PROCEDURE ALTERATION CHECKLIST

Job/Task Number:

R RHIB

Procedure Reference:

Requested Varifation:

Reason for Yariation:

Spec{a1 Equipment, Material or Personne) Required:

Alteration Requested By:

Date:

Title:

Reviewed By:

Title: GAl Profect Manager

Date:

Commants:

Reviewed By:

2

Title: _GA] OF Manpger

a»

Coaments:

Goldar Associntes

,.
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APPENDIX A

DRILLING METHODS

1. GENERAL DRILLING CONSITERATIONS

Many types of drilling technigues exist for advancing boreholes in unconsolidated deposits.
The methods described below. include the hollow stem auger method, air rotary -l and
drive, and cable tool drilling methods. This list is not intended to be all inclus:ve
Unconsolidated deposits present spedial drilling problems due to the nature of the matcrial,
and the Project Manager shall determine the most appropriate drilling technique for the
types of materials expected to be encountered The drilling method selected shall provide a
reasonable opportunity to notice gross matenal changes and to make periodic depth
soundings at the point at which the phreatic ground water Jevel is encountered. Borehole
instability or the tendency of the hole to collapse is common to ali drilling methods in
unconsolidated deposits. '

All drive casing used in the drilling operation shall be of such design and wall thickness as
to prevent collapse or deformation when driven through the in situ materials. All we.ding
of drive casing or alternate approved methods of ‘vining the casing shall follow acceptable
practices to prevent separation at joints. If welding is employed, all welds shall have 2
minimum of three passes made on the weld joint and have a minimum of three "star
welds.”

For environmental investigations and the collecton of environmental sol’ samples, some
care must be exercised in the selection of the drilling method to insure representative
samples. Grease or oil based Jubricants may not be used on any drilling equipment that
enters the borehole. Drill rigs must be adequately cleaned and decontaminated prior to
setting up on each borehole. Any water introduced into the borehole during the drilling
operztion must be from an approved source and additional drilling addit ves will generally
not be used. Compressed air used during air rotary drilling may need to be filtered
depending on the analyte of concern.

2. METHODS

2.1 Hollow Stem Auger Method

The hollow stem auger method consists of advandng continuous flight augers into the
ground. The terminal flight section is equipped with & drill bit or cutting teeth. In situ soils
are sampled through the center of the hollow stem. Drill cuttings are brought to the suriace

by the "screw conveyor” action of the auger flights. Borehole stability is established by the

attvare Thse mavimum denth nf nemetration is usnal!y 100 ft., althf_\!_lgh 160 to 180 fODt
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drilling depths have been achieved in certain geologic materials. Auger fiights are joined by
clamping pins or by screw fittings. Grease shall not be used on the joints for lubrication if
the particular project is an environmenta! investigation.
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2.2 Air Rotary Drill and Drive

The air rotary drill and drive technique employs a tri-cone roller bit, pneumatic downhole
hammer, or both, on drill rods to achieve penetration. Steel drive casing {usually 0.25 inch
minimu.m wall thickness) is advanced for borehole stability directly behind the bit’hammer

........ al. ~ Th
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welding or flush coupled threaded joints. The terminal end of the drive casing is eqmpped
with a hardened steel drive shoe for strength during penetration. Drill cuttings are
removed from the borehole by circulating high volume compressed air to the bottom of the
borehole through the drill rods and biowing the cuttings to the surface within the annular
space between the rods and casing. On environmental investigations the air from the
compressor must be filtered to remove the entrained oil before downhole use. In situ soils
may be sampled through the drive casing after the bithammer and drill rods are removed
from the borehole. Maximum depths for this drilling method depend of the size of the rig
and compressor, but are normally greater than 300 feet. Air rotary drilling is not
recommended for volatile organic sampling due to the "air smppmg action of the drilling
operations.

2.3 Cable Tool Drilling

Cable tool drilling is slow, but offers some advantages for sampling. The technique employs
a heavy downhole chopping bit which is dropped onto the underlying sediments to loosen
the materials. The bit is connected to the drill rig by a wire (cable) line. The drill rig
activates the up and down action for the bit. Steel drive casing (usually 0.25 inch minimum
wall thickness) is advanced for borehole stability directly behind the dewnhole bit. The

casing is driven by a hammer and anvil using the same up and down action of the drill rig.
The stee! drive casing sections are connected either hv welr_!mp' ar flush cmmled threaded

il Ok e wawa

joints. The terminal end of the drive casing is equped with 2 hardened steel drive shoe
for strength during penetraton. Cuttings are aliowed to accumulate untl they start to
lessen the impact of the bit and then are removed with a sand bailer or sand pump. In situ
soils are sampled through the drive casing after the bit is removed from the borehole. 1t is
necessary to add water to the borehole in the vadose zone for bailing cuttings from the
hole. In environmental investigations, the composition of the added water must be known,
particularly with regard to the analytes of concern. '
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APPENDIX B

SAMPLING METHODS

1. SPLIT-BARREL METHOD

1.1 Sampling Equipment Requirements

. split-tube samplers constructed in accordance with ASTM-D-1586, "Penetration
Test and Split-Barrel Sampling of Scils” (see Figure B-1); 2, 4, and 6 inch
diameter samplers should be available; all samples shall be fitted with hardened
drive shoes and basket retainers.

. drive weight assembly constructed in accordance with ASTM-D-1586, affixed to
a length of drill rod for advancing the sampler

. stainless stee] spatulas

. sample containers as required

. sand catch or trap {optional)

. lexan inner barrel liners, caps, and tape, as required
1.2 Method

The sampling horizon may be exposed by any drilling technique that will produce suitable
wall clearance for insertion of the sampler. Depth to the sample horizon shall be measured
using the combined lengths of the downhole tools, drill rod or auger flight lengths, and
amount of stickup above the drill collar. Particular attention must be paid to the calculated
depth to ensure that the sampler is resting on the desired sample interval. Sampler
diameter selection shall be based on geologic logging observations. 2-inch diameter
samplers are appropriate for nonlithified clays, silts, sands and fine gravels; 4- or é-inch
samplers shall be selected for zones with coarse gravels and cobbles, or when larger sample
volumes are required. Samplers shall be driven 18 inches with the drive weight (noting the
weight of the hammer being used); blow counts for the first 18 inches of penetration shall
be recorded in 6-inch increments, counted, and recorded on the Borehole Log. The
downhole bit or auger, the split tube sampler and any liners and the stainless steel spatula
shall be decontaminated prior to use.
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2. THIN-W ED ("SHELBY" E SAMPLING THOD
2.1 Samplin uipment Reaguirements

. thin-walled metal sample tubes, manufactured in compliance w1th

CTIA Ty 1E ko d Thi
ASTM-D-1587, "Standard Practice for Thin-Walled Tube Sampling”.

. aluminum foil or teflon sheeting, tube end caps, tape or seals, as required
. sample containers, as required

. stainless steel spatulas, if contents of tube are examined and transferred to
sample containers at the surface prior to transfer to the laboratory

. wax or parrafin
2.2 Method

This method is normally used to obtain undisturbed sampies of cohesive soils for
geotechnical analysis, although thin walled sampling techniques (commonly referred to as
Shelby tube techniques) may be used to sample other cohesive materials such as sludges for
environmental assessments. Sampling methods should be in general accordance with
ASTM-D-1587, "Standard Practice for Thin-Walled Tube Sampling of Scils." Any drilling
technique is acceptable to expose the sampling horizon provided that sufficient clearance is
present to permit insertion of the sampling equipment. Depth measurements shall be based
on cumulative measurements of drill rods or auger flights, downhole tool length, and
amount of stick up at the drill collar, Particular attention must be paid to the depth
calculations to ensure that the sampler is resting on the desire sample interval. The sample
tube is attached to an appropriate Shelby head subassembly, which is then connected to the
drill rods, or auger flights, inserted to a maximum of 15 tube diameters by steady pressure
with no rotation. Depending upon soil conditions the tube will be left in place for a period
of time (5-10 minutes) to dissipate negative pressure prior to withdrawal of the tube.
Depending on project-specific requirements, the sample tube may be capped labeled and
sealed at the surface and routed directly to the laboratory. Alternately, the sample may be
exposed at the surface, removed with a stainless steel spatula and transferred to a suitable
container after visual examination. The downhole drilling tool, insertion tool, sample tube,
and stainless spatula shall be decontaminated prior to use.
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RIVE TUB NG-LINED BARREL OR "CALIFORNIA™ SAMPLING METHOD

3.1 Sampling Equipment Reguirements

. drive tube (ring-lined barrel) assembly manufactured in compliance with
ASTM.D-3550, "Ring-Lined Barrel Sampling of Soils™ (see Figure B-2)

. sampler barrel with removable rings

. surface or downhole drive weight assembly

. stainless steel spatulas

. sample containers as required

. sand catch or trap (optional)

. inner barrel liners, aluminum foil or teflon sheeting caps, and tape, as required

3.2 Method

This method is normally used to obtain relatively undisturbed geotechnical samples,
although this technique is useful in obtaining samples when volatile organic compounds
are among the analytes of concern.

The sampling horizon may be exposed by any drilling technique that will produce suitable
wall clearance for insertion of the sampler. Depth to the sample horizon shall be measured
using the combined lengths of the downhole tools, drill rod or auger flight lengths, minus
the amount of stick up above the drill collar. Particular attention must be paid to the depth
calculations to ensure that the sampler is resting on the desired sample interval. Samplers
shall be driven 18 inches with a surface or downhole drive weight assembly (noting the
weight of the hammer being used); sampler insertion should be by pushing in lieu of
driving wherever possible. If required by project-specific requirements, blow counts of the
first 18 inches of penetrations shall be counted and recorded in é-inch increments on the
Borehole Log. The sampler shall be retrieved and carefully disassembled. Trim the soil
flush with the sampling barrel with the spatula, and remove the specimen-filled rings.

Place each ring in a suitable contamer and cap and seal w:th clean aluminum foil at both

Voos sbnnl semobus ha Abnr\ntam -,-h:.d mow tm o 11es
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EXHIBIT B-1

(From ASTM-D-1586 *Penetration Test
and Split-Barrel Sampling of Soils®)
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EXHIBIT B-2

(From: ASTM-D-3550, Standard Practice For
Ring-Lined Barrel Sampling of Soils)
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1. PURPOSE

This technical procedure describes uniform procedures for identification of
soils.

2. nppl TPADTI YTV

This technical procedure is applicable to all persons engaged in soils
identification.

3. DEFINITIONS
Definitions are contained within Section 8.

4. REFERENCES

ASTM Standards, 1979, Standard Recommended Practice for Description of Soils
{Visual-Manual Procedure), D 2488-69, American Society for Testing and
Materials, Philadelphia, Pennsylvania.

Rock-Color Chart, Geological Society of America, Boulder, Colorado.

5. DISCUSSION

S0il identification techniques are employed to characterize and describe soil

for geologic and hydrologic interpretation, foundation engineering, well
screen sizing, and a wide range of other purposes.

& mesaRALl ST TE TG

Each individual designated responsibilities for soil identification shalil
utilize this procedure.

7. EQUIPMENT AND MATERIALS

» Supply of water

o Pocket knife or small spatula

o Small test tube with stopper or glass jar with sealed 1id
¢ Small hand lens

» Pocket penetrometer or shear gage

[ 1
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o Five-pound hammer
« Notebook
¢ Exploration iogs
8. PR R
8.1 General

The recommended Soils Classification System is based on the Unified
Classification System as summarized on Figure 1.

T escription involves th

he followin

(=8

he $oil
onsistency or Density, (2) Color, (3) Structural Characteristics,

(1) C
(4) Composition with Major Component in Capital Letters, (5) Minor Char.,
(6) Geologic Description in Capital Letters

Thus, for example, a typical description might include:

'1

Stiff, Grey, s
(LACUSTRINE)
The following sections discuss the different elements (1-6 above) of the soil
description.

8.2 Determination of Consistency or Relative Density
8.2.1 N-Values

The standard penetration test (SPT), or number of blows required by a
140-pound hammer or weight dropped 30 inches to drive a two-inch 0.D.

(1 3/8-inch ID) drive-open sampler, will indicate the relative density of
cohesionless soils and the consistency of cohesive soils. The standard tests
penetrates 18 inches. N values are the blows required to drive the sampier
the Jast 12 inches. The blows required to drive the sampler the first six
inches are normally not taken into account unless one or both of the
subsequent blow counts are affected by gravel of cobbles. Blows are recorded
for each six-inch interval. The relative density or coarse-grained soils is
shown in Table 1.

B.2.1.1 Relative Density of Granular Soils

The relative density modifiers given in Table I for coarse-grained soi
pr edom1nate1y

shogTd also be used for fine-grained non-plastic soils described
by SILT.
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8.2.1;2 Consistency of Fine-Grained, Cohesive Soils

Shown in Table 2 are criteria for the quantitative and qualitative
determination of the consistency of fine-grained, cohesive soils. The
criterion based on N-Values is considered unreliable and should be used with
caution. The criterion based on undrained shear strength may be used when
values of undrained shear strength are availabie. The fieid ifdentification
test is simple and reliable and is the method which can be used in most
instances.

2.3 Determination of Color

Color can be an important property in identifying materials of similar
geologic origin and in identifying organic soils. Although qualitative color
names are somewhat helpful, positive color identifications obtained by
comparison with a standard color chart are even more usefu). If the sample
contains layers or patches of varying colors, this should be noted and all
representative colors should be described for moist samples. If possible,
color should be described for moist samples. The Geologic Society of America
Rock-Color Chart should be used to identify color. Provide both the color
name and chromal hue symbols in soil descriptions. Mottled soils show the 6
presence of spots, streaks, or splotches of one or more colors in a soil mass
of another predominant color. In mottied soils, the colors are not mixed and
blended, but each is more or less distinct in the general ground color.

8.4 Definitions of Structyral Characteristics

8.4.1 Stratified

Composed of, or arranged in, layers. The Tayers are parallel to one another,
and composed of soils visibly different from each other. )

8.4.2 Parting

Paper-thin separation of one soil type within another. Usually applied to
cohesive soils.

8.4.3 Rhythmic
Consisting of alternative thin layers of sand, silt or clay. Each layer

generally less than one-half-inch in thickness. Lacustrine deposits with
annual layers are termed varves or are said to be varned, 6

B.4.4 Lenses

A particular soil type significantly different from the surrounding soils
which thins out laterally is said be a lens or be lens-shaped.
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8.4.5 Pocket

A different soil type of limited thickness and lateral extent.
8.4.6 Homogenous

Of uniform structure.

B8.4.7 Heterogenous

Consisting of dissimilar constituents, mixed.

8.4.8 Slickensided/Polished/Scratched Surfaces

A polished and scratched surface that results from friction of one block of
material moving relative to another block. Polished and/or scratched surfaces
may be related to minor movement along discontinuities or may be related to
faults and termed slickensides.

8.4.9 Fissured

This term applies to hard, over-consolidated silts and clays and refers to
physical discontinuities such as fissures and cracks that formed during or
after consolidation. The abundance and character of the fissuring can be
described as follows:

'Highly Fis
most of the

wamdl | Pnambdiianans mtam em e %
red" - Fractures are apuCEd ng-half
e

5u
interval described.
"Moderately Fissured" - Sample contains two or more fractures or thin
fracture zones per six-inch sample, but average spacing is wider than
one-half inch.

"Locally Fissured” - Only one fracture or narrow (less than three inches)
fracture zone is observed in a sample.

Fissuring charactertstics that can be noted and/or described include attitude,
length, width, aperture (closed, tight, open), staining/infilling, roughness,
curvature, continuity, slickensides, polish, gouge, relation to other
structures and other distinguishing features.

8.5 Determination of Soil Composition
8.5.1 General

For purposes of soil description, the material is considered to be composed of
the coarse fraction or of particles larger than the No. 200 sieve (+.074 mm)
and the fine fraction or those smaller than the No. 200 sieve. The coarse
fraction is described based on its particle size while the fines are described
on its plasticity.
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The following terminology is used to denote the percentage by dry weight of
each soiT component:

ri Term Range of Proportion

Trace 0-5%

Little u 5-12%

Some or Adjective* 12-30%

And ‘ 30-50%

*Adjective: silty, sandy, gravelly, etc.

For example: "SILT, some Sand, trace Gravel" describes a basic soi)
component of silt (30-50 percent), with minor components of sand
(12-30 percent), and gravel (0-5%).

Soils are to be described according to the following criteria with the
principal constituents written in capital letters. Other constituents are
preceded by descriptive terminology that is used to denote the percentage by
weight of each component. Soil descriptions are determined visually except
where laboratory classification test data are available. The following
abbreviations are acceptable:

¢ = coarse
m = medium
f = fine

waw e

8.5.2.1 Fine-Grained Soi]roescriptions

The description of fine-grained soil components {i.e., passing the No, 200

sieve or smailer than 0.074 mm) is based on pliasticity and not grain size.

Thus, terms 1ike SILT, trace Clay or Silt, little Clay are not used. Rather,

the terms, SILT, CLAYEY SILT, SILTY CLAY, and CLAY are applied to the

$1n$-g:ained component as a whole. Their characteristics are described in
able 4. '

8.5.2.2 Field Test for Plasticity
Plasticity refers to the ability of a material to be deformed rapidly without

cracking or crumbling and then maintain that deformed shape after the
deforming force has been released. A soil is said to be highly plastic if
there is a wide range of moisture content over which it remains in the plastic
state. High plasticity indicates a high clay content. Identification of
cohesive soils in relation to their plasticity can be made on the following
basis: The natural soil is worked until its moisture content s such that a
1.5-inch diameter ball formed from the soil shows a flattened contact surface
of 7/8-inch diameter when dropped from a height of two feet {gravel sizes are
not included in the ball). The smallest thread possible without crumbling is
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then rolled from the above soil sample. The approximate relationships below
are then used for identification:

Thread Diameter Descriptive Term
1/4-inch SILT
1/8- to 1/16-inch CLAYEY SILT
1/32-inch SILTY CLAY
1/64-1inch CLAY

£.5.2.3 Dry Strength

A portion of the soil is allowed to dry out completely in air. An angular
fragment (about one-half-inch) of the dried soil is pressed between the
fingers. The dry strength of the fragment is expressed as very Tow, low,
medium, high and very high. Fragments with very high strength cannot be
injured at all, whereas, those of very low strength disintegrate completely on
gentle pressure. The strength is called medium if the fragment can be reduced
to powder only with great effort. Those materials with greater dry strengths

are predominately clayey, and those with less dry strength are predominately

8.5.2.4 Stickiness

A high degree of stickiness in the natural state is indicative of higher
plasticity.

E Chi
LY ALY
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8.5.2.5 Shine t

L]
1f a moist lump of soil is stroked with considerable pressure with the flat of
a pen knife blade or fingernail, the type of surface imparted is an indication
of the soil. If a shiny surface results, the presence of clay is indicated.
Silt is indicated if a dull surface is produced.

8.5.2.6 Grittiness Test

THIS TEST SHOULD NOT BE PERFORMED WHEN HAZARDOUS WASTE CONTAMINATION IS
SUSPECTED OR KNOWN TO BE PRESENT. In other cases, when a small amount of the

uncontaminated soil is placed between the teeth, the presence of grit will
indicate silt or sand, but if no grit is detected, a pure clay is present.

8.5.3 Field ldentification Tests - Organic Soils

8.5.3.1 Organic Soil

Description of organic soils depends on the percentage and distribution or
organics in the soil. If the soil matrix is inorganic with occasional pieces

or organic matter, this can be described under Minor Characteristics.
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If the soil is primarily inorganic, but contains a significant amount of

organic, -the modifier grganic can be used. If the s0il is primarily organic,
t

then it should be called a Peat. Examples include:
e Silty SAND, occasional organic matter
¢+ Organic SILT
s Sandy PEAT
Table 5 includes a system for classifying organic soils.
8.5.3.2 Organic Cohesive Soils
Organic cohesive soils display the following characteristics.

+ A dark-brown, dark-gray, black color indicates the presence of organic
matter.

« An odor of decaying vegetation is typical. If organic matter cannot
be distinguished, it can sometimes be brought out by a small amount of

heat.
o The presence of fibrous or root structures, twigs, jeaves or shells is
common.

o At least a three-quarter reduction in the liquid limit value after
oven-drying is considered positive identification of organic soil.

« The plasticity of fine-grained orgaric soils -s greatly reduced on
oven-drying due to irreversible changes in organic colleids.

o Organic ciays feel spongy in the plastic range as compared to
inorganic clays.

8.5.3.3 Organic Soil - Peat

Peat is usually dark brown to black; contains fibrous particles of vegetation
in varying states of decay; has characteristic organic odor; is usually spongy
and compressible; commonly contains natural moisture contents of over

100 percent and can contain organic and inorganic silts and clays in varying

______ o oA o PR,

amounts and concentrations.
8.5.4 Field ldentification Tests - Cohesionless Soils
8.5.4.1 Visual Identification of Grain Size

The constituent parts of a soil sample are defined by grain size, as indicated
in Table 3.



TP-1.2-6 Revision Level 6 March 1989
FIELD IDENTIFICATION OF SOIL page & of 11

B.5.4.2 Grittiness Test

THIS TEST SHALL NOT BE PERFORMED WHEN HAZARDOUS WASTE CONTAMINATION OF THE
SOIL IS SUSPECTED OR KNOWN TO BE PRESENT.

The soil is handled 1ightly between the thumb and forefinger to get an idea of
the grittiness or softness of the soil. A pinch of uncontaminated soil is
smeared with considerable pressure between the thumb and forefinger to
determine the degree of harshness and grittiness. When a small amount of
uncontaminated soil is placed between the teeth, the presence of grit will
indicate silt or sand, but if no grit is detected, an almost pure clay is
present.

s e to medium sand exhibits a typically harsh and very gritty
s

» Coarse to fine sand has a Tess harsh feel, but exhibits a very gritty
smear.

o« Medium to fine sand exhibits a less gritty feel and smear.

o Fine sand has a softer feel and much less gritty smear.
8.5.4.3 Test Tube Test
A small sample of the soil {lumps are first broken up) is shaken in a test
tube or glass jar filled with water and is allowed to settle. A1 the fine
sand will settie out (four-inch feli) in 30 seconds; the silt in 50 minutes
A rough idea of the grain sizes can be obtained by this test.

B.5.4.4 Dilatancy Test

[RRT

When a wet pat of soil is shaken vigorously in the hand, the surface will
become glassy and show free water. If the pat of soil is then squeezed in the
fingers with free water disappearing and the surface becomes dull, the soil is
NOT a clay soil, but a silt or fine sand If the free water on the surface
disappears immediately (as waiking on the baach adjacéent to the water), the
soil is most likely a fine sand. If the free water tends to ooze away, the
soil is most likely silt.

8.5.5 Determination of Soil Types
Based on the tests and observations described in the previcus text, the soil

description can be made by compiling the properties of the soil and comparing
them to Table 2.
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8.6 Minor and/or Usual Characteristics

B.6.1 Genefa]

Minor characteristics of the soil sample should be included in its

e : : .
description. These characteristics include occasional traces of organic

debris, mention of other types of deleterious materials such as a trash or
cinder fill, portions of cobbles or boulders received in the sampler, and
pockets and/or lenses of material other than those already mentioned in the
description. A minor constituent, such as gravel, which is part of the
overall soil matrix, would be described using the modifiers presented in
8.5.1.2 (i.e., trace, little, etc.}. In some cases, a minor constituent is
scattered throughout the unit and is not part of the matrix. In this case, it
would not be described as a minor characteristic. An example would be a
lacustrine clay with ice rafted pebbles. Thus, the soil would be described as

S ! Ta LR FREVUET2. P HUWSy LHE 2T F WIMIM AR

SILTY CLAY, scattered pebbles, and not SILTY CLAY, little gravel.

8.6.2 Determination of Moisture Content

Moisture descriptions should not generally be used and can be misleading. A
general qualitative description can be applied if necessary. The following
descriptions can be used:

s Dry: No discernable moisture present.

e Damp: Enough moisture present to darken the appearance, but no

moisture on materials adheres to the hand.
e Moist: Will moisten the hand.
e Wet: Visible water present; plastic materials will leave sticky

residue in hand when remolded.

As an example, hard clays often appear dry, but may be saturated even above
the water table. However, in soft soils or granular soils, the moisture
content can be relevant.

Generally, a geologic term, in capital letters, should be applied to major
soil units, if appropriate. However, in many cases, there is inadequate
information to determine a precise geologic description. In these cases, the
term "possible® can be applied (i.e., possible TILL).

As appropriate, specific geologic names such as Lawton Clay can be used.

However, when used, there should be sufficient specific geologic evidence of

the name designation. If in doubt, do not use specific name or add

"possible.”
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8.7.1 Fill

Materia]'p]ated by humans.

8.7.2 Peat or Organic Matter

Natural deposit composed primarily of organic matter.
8.7.3 Llacustrine Deposits

Deposited in lakes.

B.7.4 Aliuvial Soil

Any soil that has been deposited by a stream. Such soils usually contain some
sand and rounded gravel or cobbles.

8.7.5 Till

A nonstratified random mixture of ¢lay, silt, sand, gravel and boulders
dep051ted by g1aC1ers ARlternating layers of clayey till and till containing

8.7.6 Outwash

A stratified alluvial soil transported and deposited by a glacial meltwater
stream.

8.7.7 Loess

A uniform aeclian (wind} deposit of silty materiz) having an open structure
and relatively hugh cohesion due to a clay matrix or cementation by calcareous
material at grain contacts. A characteristic of loess deposits is that they

display nearly vertical slopes.
8.7.8 Pedogenic Soils

Soils that have formed in place due to decomposition of rock. Shales form
residual clays. Limestones form lean brown and fat red clays. Granitic rocks

form silty sand with angular sand grains.

8.7.9 Colluvial Soil

A nonstratified mixture of angular sand, gravel and boulder size material
accumulated at the foot of a slope or on the siope itself chiefly under the
influence of gravity.

NOOIAN
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8.8 DBRoaction To Dilutse Hudrachloric Acid

*

Some soils show definite evidence of cementation in the intact state. Where
this is noted, the degree of cementation may be described as weak or strong.
Since calcium carbonate is the most common cementing agent, a report of its
presence on the basis of the reaction with dilute hydrochioric acid is
important. The intensity of the HCl reaction should be described as none
(NR), weak (WR), or strong (SR).

8.9 Unified Svmbols

The Unified Classification System symbols should be indicated on the final
boring and test pit logs. These symbols are based on soil groupings as shown
on Figure 1.

8.10 Report Format

The boring logs used in the report should conform to the general format shown
on the attached example boring log, Figure 2. Ir addition to the logs, all
reports should include the Classification System as shown in Tables 1

through 6. Some specific comments on the final boring log include:

e« ACTUAL BLOW COUNI?: The actual blow count raw data shall be shown on
dha Tame. 4 n» ALIe aw sdivw dnehae
[PAR1 - luga, 1R oy Mivnag Pl;l & 1A 1MW I

o UNIFIED SYMBOL: A column will be used to show the Unified Symbol for
the soil.

o PENETRATION/RECOVERY: The amount of sample penetration and recovery
will be shown on the log. :

» COLUMN FOR LAB TESTS: The locations of all lab tests (except for
water contents and Atterberg limits which are shown graphically)

should be indicated in shorthand as shown on the Sample Log and on
Figure 1. }

o SOIL CONTACTS: Under "Description” on Figure 2, horizontal solid and
dashed lines are used to represent soil contacts. Soilid Tines
represent soil contacts between major units; dashed lines represent
gradation contacts within the same major unit. Inclined lines in the

"USCS Class” column represent uncertainty of the depth of actual soil
contact,

s TYPED: Logs‘sha11 be typed and not hand-lettered unless requested by
the client.

e PLOTTING OF BLOW COUNTS AND MOISTURE CONTENTS: A1l Yogs shall inciude
a disclaimer relating to these plots due to the 1iability associated
with interpretations that could be applied to these graphs.



TABLE 1
RELATIVE DENSITY OF COARSE-GRAINED SOILS

Relative Density N, Blows/Foot* Field Jdentification

Very Loose 0-4 Easily penetrated with shovel handle.

Loose 4-10 Easily penetrated with 1/2-inch rebar

: pushed by hand. Easily excavated with

hand shovel.

Compact 16-30 Easily penetrated with 1/2-inch rebar
driven with five-pound hammer.
Difficult to excavate with hand
shovel.

Dense 30-50 Penetrated one foot with 1/2-inch
rebar driven with a five-pound hammer.
Must be loosened with pick to
excavate.

Very Dense >50 Penetrated only a few inches with

1/2-inch rebar driven with a
five-pound hammer.

* Judgment required
i

gravel and cobbles since the "N" value
may be unreliab t

LY |
ive UensiLy.
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Consistency
Very soft
Soft

Firm

Stiff

Very stiff
Hard

*Undrained shear strength equals one-half the unconfined compressive strength.

IABLE 2

CONSISTENCY OF COHESIVE SOILS

N (biows/ft.)

{unreliable)

0-2

Undrained Shear
Strength* (psf)

Field Jdentification

Less than 250

250-500

500-1,000

1,000-2,000
2,000-4,000

Greater than 4,

000

Extrudes from between
fingers when squeezed in
hand.

Molded by light finger

Fot ad =4 b al r-3
Mreasurc.

Molded by strong finger
pressure.

Indented by thumb.
Indented by thumbnail.

Difficult to indent with

thumbnail.

*

NnoO ) AN



TABLE 3
COMPONENT DEFINITIONS BY GRADATION

Component Size Range

Boulders Above 12 inches in diameter

Cobbles 3 to 12 inches

Gravel 3 inches to No. 4 (4.76 mm)

Coarse Gravel 3 inches to 3/4 inch
Fine Gravel 3/4 inches to No. 4 (4.76 mm)

Sand No. 4 (4.76 mm) to No. 200 (0.074 mm)
Coarse Sand No. 4 (4.76 mm} to No. 10 (2.0 mm)
Medium Sand No. 10 (2.0 mm) to No. 40 (0.42 mm)
Fine Sand No. 40 (0.42 mm) to No. 200 (0.074 mm)

Silt and Clay Finer than No. 200 (0.074 mm)

COMPONENT PROPORTION
riptiv rm Range of Proportion

Trace ' 0-5%

Little 5-12%

Some or Adjective* 12-30%

*Adjective: silty, sandy, gravelly, etc.

For example: "SILT, some Sand, trace Gravel" describes a basic soil
component of silt {30-50 percent), with minor components of sand
{12-30 percent), and gravel (0-5%).
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TABLE 4

FINE GRAIN DESCRIPTIONS

Descriptive Term Plastic Index*

SILT

CLAYEY SILY

SILTY CLAY
CLAY
*Plastic Index

Characteristics

Less than 2

2-15

15-40

Greater than 40

iquid Vimit minus

|
w1 QU

Rapid pronounced response to shaking test,
very Tow cry strength; has almost a
granular appearance and feel; thread cannot
be rolled or can only be rolled with great
difficulty.

Noticeable response to shaking and
squeezing test, but appreziably less
pronounced than for silt; Tow medium dry
strength; slightly sticky, slightly slick
and smooth smear: can roll a thread easily.

No response to shaking and squeezing test;
medium to high dry strength; rather sticky
when moistened; moderately slick and smooth
smear; can roll a thread when moderately
dry.

No response to shaking test; high to very
high dry strength; siick and waxy, can roll
a thread when quite dry.

nlastic limit.

DESCRIPTION BASED ON FIELD TEST FOR PLASTICITY

Thread Diameter

Descriptive Term

1/4-inch
1/8- to 1/16-inch
1/32-inch

1/64- inch

SILT
CLAYEY SILT
SILTY CLAY

~l AV
wLAi



TABLE 5

SOIL CLASSIFICATION FOR ORGANIC SOILS

Distinguishing
Organic Croup Characteristics
Content Sywbols For Range of Laboratery
Category Nane {1 by wt.) (See Table J) Visual ldentification Test Values
FIMROUS Light weight, spongy and w,--500 to 12001
PraT often elastic st we=— Yy =60 to 70 pncf
(wwody, shrinks consideradly on G~=1,2 to j.B
w-tie, 7% to 1002 air drying. fuch water Ce/llvey )= iw
DRGANIC ere. ) Crganics sgueeres from ssmple.
MATTER either 44
FINE visible or Light weight, spongy but wp==400 to 8002
CRATNED inferrad not often elastic at Ll~=400 to 90CE
PEAT ' wp—shrinks considerably P1-=200 te 500
{amor— on sir drying. Much water Y =40 to 70 pcf
phous) squeezes from ssmple. G~=1.1 to 1.8
. /{1%e v, 35 10 L in
Siley Relatively light weighr, w~=250 to 5002
Peat spongy. Thread usually LL—250 to 600X
vesk and spongy near PL PI~=150 tp 350
Shrinks on sir drying; Y =44 to 90 pcf
sediwm dry strength. G~-1.8 to 2.3
30 to 752 Ususlly can squeexe water C./(1rey)=,3 to .4
&Ly Srzanice from samele readflyw—alow
DRGANIC either | 43 gilatency.
S011s visible or
Sandy inferred Sané fractien visible. wp==100 to 4001
Peat Thresd weak and friable L1-~150 to 3001 (plet
' near PL; shrinks on air belov A line)
erying: low dry strength. Flemif te 150
Ususlly can squeeze water y «70 to )00 pe!f
irom sample resdily=<high Ge=1.8 10 2.4
dilatency—="gritey."” Ec/liveg)e.? to .2
Clayey Often has srrong H3S w63 to 2001
ORGANIC odor. Thread may be tough | LL-=63 te 302
SILT depending on clay (usually plot #t or
OH fraction. Medium dry nesar A line)
strength, slov diletency. Pl— 50 to 150
S to 30 Y ~—70 to 100 pef
Orpanics G==2.3 t06 2.6
GRCANIC aither Cci(l-uu)-.iﬁ to L33
S01LS visible or
Organic inferred Threads wesk and friable w30 te 1252
SAND or tear Fl=-or may »ot roll LL~=30 te 100I
SILY oL st sll. lowv dry strength; {usually plot well belov
sedium to high dilatency. A line)
Pl~=non-plantic to 40
Y ==90 to 110 pcf
C""z-i to 2-6
Cc/(ivepdel to .75
SLI1CHTLY o1l Lass than Depend upon Depend upon the Depend upon inorganic
ORCANIC FRACTION | 31 Organics | inorganic characterietics of the fractions,
$011S add conbined fraction inorgenic fraction,
slightly | visible and
Orgsnic inferreéd




IABLE €

DESCRIPTION OF SOIL BASED ON OBSERVATION AND TESTS

Iypical Name Description
BOULDERS Larger than 12 inches in diameter
COBBLES 3 to 12 inches in diameter
GRAVEL No. 4 sieve to 3 inches in diameier
Coarse to No. 200 to No. 4 sieve sizes; all
Fine SAND particles are visible to the naked eye
Dilatancy Test Tube Plasti- Dry Sticki- Shine
lgst Test city  Strength ness Test
fine SAND rapid 30 sec none extremely none none
SILT moderate 50 min none very low none none
SILT slow +50 min slight Tow none none
CLAYEY SILT none hours medium  Jow to slight smooth
te high & dull
SILTY CLAY none hours high medium moderate moderately
to high to high slick &
smooth
CLAY none +24 hrs very high to high to slick &
high very high very high waxy
organic SILT moderate 350 min slight Tow none dull &
to medium silky
organic CLAY none 124 hrs medium medium moderate dull,
to high to high to high smooth &

sitky
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Unifie¢ Soll Classificstion System

Component Definitions by Gradation

Criieric for Assigning Group Symbols ond Nomes

Sodl Cioxsificonen

Generclized

Group Descriptions

Component Size Ronge

Boyloers Abowe 12 -

Cobbias Jim e 12 in

Grave! Jin to No 4 (4 T6mm)

Coomae growet I wm oo d/4on
Fie grove: 3/4 o We & (4 TEmm}

Send No & (4 76mm) 10 No 200 (T O074mm)
Cocrse wond Mo & (4 76mm) ip No 1D (2 Dmem)
[EEE R ] 8g 1D (3.0} do Mo 4D {{ 47eem)
Fime mond Wo 40 (D a2mm) 10 Mo 200 (0 O0Y4mm)

Sin ono Cioy Smalier thor Mo 200 (8 074mm}

COMNTSE «GANNED SOILS GRAVELS Citan CRAVILS Ow Welegrosed Groveis
sore thon 50X More thor 30% of Luss than 5K lwmes
retaned on coarse irochion P Foorly«yrooed grovers
No. 200 swve aned an T
Wo & Seve CRAVELS WiTh FINES | OM | stores :
More thon 128 finas o ore Tey
1 GC Meigres
SANDS CLEAN SanDS Sw Well~grogea Sands
50% o more of Lens than 5% fines
(110 T LT 1 5 . - e
pasers No 4 Suve 3 roany~graded Sancs
SANDE wiTk FINLS Su Sond ond Sit Murlures
More thon 12X fines
¢ Sond ono Cioy shxlures
Pl «GRAINED SOILS SILTS AND CLATS [ Low=piaglicity Clays
S0X or more passes Ligua_bme IMORGANIC WS pioEle ond Low~
' i NG SO0 e Rif Than 20 ML 'Ptolhmly Siils
Hen -~ piastic ong Low -
ORGANIC oL Pasticiy .Orgomc Ciays
Mon~piastic 9A¢ Low-
Proylcity Orgoric Sints
SILTS AND CLAYS =] Mgh~piasticity Cloys
Ligu'd it WORGANIC Y
graster than LD o sign
=-gh-paa|u:nty
ORGANIL ow Orgoric Cloys
High=piogtiCity
Orgore Sis
HIGHLY DRCANIC SORLS Primarily orgomc mMotler, Bar in colar, and
orgonit odor PT Pegt

Relative Density or Consistency

Utilizing Standard Penstration Test Values

Samples

£5
HD
sH

5P Sompier (2.07 OD)
Heawy Duty Spid Spoon
Sheiby Tube

Pacner Sompier

Bulk

Cored

Uniess Olhereme noted. drive Bompies
oovanced wiln 140 ib hommer win
30w, drep

Laboratory Tests

() Awrier 16 tuxt of ASTW D 15856-84 for o oefmmon of N; in normally consolidoied cohesioniens Nois
trew Deneily 1erTs Gre LosasS 84 N voiuEs EOTECied TOr DYarburoen PrERIUIEL.

(€) Undraned swear mrength = 1/ unconflewd comprimsion mrength

Descriptive Terminology Denoting

Component Proportions

Descriptive Terms

Ronge of Proportion

Trace

Littie

Some o Alpciive
Ang

(a)

b-5%

4-12%
12-30%
M~502

(o) Use Grovally, Sondy or Silly o3 appropnole

f
Cohesipniess Sauis( Lonesive Soils (v)
(e ¢ Relotive Ungroined
Dcnmy( ) N, blous/ﬂ( ) D-E';s:!y Conzistency N, blowl/‘lt.(c) Shenr( s;:;ngtn(d)
% pst,
vary ioose 01 4 0« 13 Very poft 0t 2 2%
Laner - 4w 30 i5 -~ 35 Sofi Zi0 4 2H0-500
Campoct 10 10 30 35 - 6% Form 4 1s S00-1000
K Dwne Mt 50 85 - 85 StiM B to 1% 1000-2000
vary Dense et 30 85 very Stitf 15 to 30 2000-4000
are over 30 > 4000
{t} Sors cormaling of grove, sond, ond B, ilher BEBOFOtEly ©F W COMDINGLON, POESERSING Ko ChOrOCIENSLICE
o pHrhtily, eng Rxfpiling Orened benawsr.
{&) Soils powssssing the choractenstcs of ploshicily. and exhibiting unorowed behovier.

Test Designation
Mosture 1}
Density 3]
Gron Site G
Pygrometer H
Atterbery Limia ()
Conpoligaton c
Uneenfined v
Uy Trox [N
CU Triox cu
€O Tnes [=¢]
Pyrmpobiity P

(1) soisture ond Aterperg Limits
pioTies on oG

Silt and Clay Descriptions

Descriplion

Typee! Unitiec
Designotion

Sitt
Cloywy Sill
Sty
Chay
Pustic Sin
Drganic Sons

Cias

ML (monwplosiic)
Cumady (how peosticity)
€L

[o]

L

0L Om, ™

Golder Associates
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LOCATION: See Figure &
SAMPLER HAMMER WEIGHT: 140 LB., DROP 30 IN.

RECORD OF BOREHOLE BH-1

DATUM: 146 (estimated) DATE: 10-30-86
BORING METHOD: Hollow stem

auger
SOIL PROFILE SAMPLES .
Standard Penetration Tesy
@ t A "N’ Biows per foot
21e | - 10 20 30 40
Slulwlal 2 ‘ A ! L PIEZOMETER
DESCRIPTION g z| > Zl S Water Content, parcent INSTALLATION,
3 g - 2 o ———i & range
= 8 " a0 6 8o
Dark brown, organic, Sandy
SILT (Topsoil) @
ff. b viser| § :
Compact, very stiff, brown,
SAND and SILT - n \
Dense, tan, fine Sandy : A
SILT, Ht'lt]g,coarse Sa_rug__i 9 L
and Gravel {Meathered 1111 Ny A N
N
2 |spTj18 > 'y
20 ’I
/
<\\ A . /r‘
\\ ’ <
,/ 171
3 % / /86
e e diwsieh G W A T prresigpmag—— WY .J/
- - 'i: 4 |SPT] I ¥
Loose to compact, gray, 12~ Y
CLAYEY SILT, Vittle fine to \1\ /
coarse 5and and Gravel (Ti11) \> \b /
<\ y - /
NAeT| 7 'y
10. h :
l !
> ! |
/7 : ;
!
!
!
6 [SPT A
!
! Slotted zone
" =
i
7 (serla p&l—l
& N
‘\\
Very stiff, gray, SILTY CLAY, AN
trace coarse Sand and Gravel W\
LH 1 . \\ .
cL| 8 Jspy ig o | —=a
AEMARKS: SPT = Standard penetration test, DISCLAIMER: Dotted limes connecting test
€4 & thatho tibe samal results are intended for clarity only snd
an = Shelby tune Sawie 4o not {mply any distribution,
VERATICAL SCALE: 7 .
. TP-1.2-
1IN, TO 5 FT, GolderAssoclates 1.2-6




